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Perceptions  of recorded  and  simulated  wind  park  conditions  are  compared.
Similarities  and differences  of  visual  and  acoustic  wind  park  ratings  are  indicated.
We  assess  reliability  and  validity  using  correlations  and  stand.  mean  differences.
We  report  context-speciﬁc  perception  differences  between  the  representation  types.
 r  t  i  c  l e  i  n  f  o
rticle history:
eceived 15 April 2015
eceived in revised form 30 March 2016
ccepted 31 March 2016
vailable online 4 June 2016
eywords:
isual-acoustic simulation
ind turbine noise
IS-based 3D visualization
ind park perceptions
alidation
a  b  s  t  r  a  c  t
The  implementation  of  wind  parks  often  fails  due  to  lack  of  public  acceptance.  Visual-acoustic  landscape
simulations  of  wind  parks  offer  a potential  instrument  for public  participation,  allowing  experiencing
the  visual  and  the acoustic  landscape  impact.  However,  before  such  simulations  can  be  implemented  in
practice,  they  need  to  be validated.
In this  article,  we develop  and  apply  an  approach  to evaluate  visual-acoustic  simulations  for  assess-
ing  wind  park  perceptions.  The  approach  compares  whether  simulations  generate  similar  reactions  of
respondents  as  recordings  of  the  same  environments.  The survey  participants  made  a  visual  and  an
acoustic  assessment  of  the  landscape  represented  by recordings  and  by  simulations.
The  results  show  that  there  was  nearly  no  difference  in the rating  of the  annoyance  of  wind  turbine  noise
between  the  recordings  and  the  simulation.  With  regard  to the  visual  landscape  assessment  the  ratings
based  on  the  simulations  were  lower  than  the ones  based  on the  recordings.  The  approach  indicates
aspects  of the  simulation  that  differ  compared  to  the  recording,  such  as  coherent  coloring  and  animation
of  landscape  elements.  The  rating  differences  between  the  recordings  and the  simulations  of  both,  the
visual  and  the  acoustic  perception  have  to be considered  when  using  the  simulations  for  further  studies.
Overall,  the  described  approach  was  successfully  applied  and contributes  to  validity  testing  methods.
However,  this  is  a preliminary  and  exploratory  study.  A  complete  test  of  validity  should  compare  the
simulations  to the  actual  environment,  which  should  be  further  studied.
© 2016  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND. Introduction
The clean energy switch comes along with big challenges to
chieve social acceptability for local projects, particularly with
egard to the exploitation of wind energy (Jobert, Laborgne, &
imler, 2007). When landscape decisions of public interest are
ade, public participation and a comprehensive, understand-
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able communication of a proposed project are required (Lange,
2005; Warren-Kretzschmar & Von Haaren, 2014). Although vision
is by far the dominant human sense, it provides only partial
information of environmental change (Lange, 2011). Advances in
simulation techniques allow not only the visualization of future
wind parks (Lange & Hehl-Lange, 2005), but also the integration of
the acoustics (Lindquist & Lange, 2014; Manyoky, Wissen Hayek,
Heutschi, Pieren, & Grêt-Regamey, 2014). Computer generated
visual-acoustic simulations of wind parks offer a potential instru-
ment to support a comprehensive communication of wind park
prospects for public participation in planning. However, before
such simulations can be implemented, e.g. for assessments of wind
park perceptions, they need to be evaluated concerning their valid-
ity and reliability.
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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Rohrmann, Palmer, and Bishop (2000) used videos of actual
nvironments for testing the validity of computer-simulated envi-
onments. Although the perceptions of the simulations did not
ully match the perceptions induced by the corresponding reality of
ideo recordings, they report that the simulations were perceived
s acceptably valid. These authors further elucidate that to claiming
alidity the simulated landscape compared to the representation
f the real landscape should induce sufﬁciently similar impressions
oncerning relevant assessment aspects. Sheppard (1982) proposes
ot only to test the response similarity but also to analyze the
epresentational accuracy of simulations, for example the physical
haracteristics and visual properties. For achieving valid simula-
ions, it is therefore important to consider both the visual accuracy
nd similar responses of relevant assessment aspects found in sim-
lations versus actual landscapes.
For the evaluation of visual validity, Daniel and Meitner (2001)
ssessed landscape visualizations by rating the scenic beauty of
andscape representations. As the visual realism affected the rat-
ngs of the scenic beauty, they concluded that visualizations would
e valid only if high levels of realism were achieved. Toward
eveloping a deﬁnition of ‘sufﬁcient’ realism for environmental
ecision-making, Appleton and Lovett (2003) rated abstract and
ighly detailed landscape visualizations. Their results do not indi-
ate a sufﬁcient level of realism but strongly show that some
lements are more important than others. The realism of vegetation
f the foreground and on the ground in the whole scene was  found
o have signiﬁcant effects on ratings (Appleton & Lovett, 2003). Fur-
hermore, completeness clearly matters, as added elements, such as
hadows, improved the evaluations of the simulations (Rohrmann
 Bishop, 2002).
For an acoustic assessment, the standardized noise reaction
uestions of the International Commission on the Biological Effects
f Noise (ICBEN standard) (Fields et al., 2001) can be used. As a
elevant assessment aspect, they propose to ask about the per-
eived noise annoyance or disturbance (Fields et al., 2001). This
CBEN standard aims at permitting valid international compar-
sons of survey results and providing a reliable measure approach
f general reactions to experienced noise (Fields et al., 2001). The
nnoyance due to wind turbine noise was also assessed in previ-
us studies (Bockstael et al., 2012; Janssen, Vos, Eisses, & Pedersen,
011; Pedersen & Larsman, 2008; Pedersen, 2011; Van Renterghem,
ockstael, De Weirt, & Botteldooren, 2013).
When evaluating a combined visual-acoustic landscape repre-
entation, perception effects of the simultaneous presentation of
oth landscape views and sound need to be taken into account.
t is known that the acoustic inﬂuences perception of visual envi-
onments, such as appropriate and expected sound can enhance
he visual evaluation of outdoor settings (Anderson, Mulligan,
oodman, & Regen, 1983). Moreover, the provision of appropri-
te sound can enhance the perceived visual realism of simulations
Rohrmann et al., 2000). On the other hand, studies show the
pposite effect that the visual information can inﬂuence the per-
eption of sounds (Maffei, Masullo, Aletta, & Di Gabriele, 2013;
iollon, Lavandier, & Drake, 2002). Therefore, an evaluation of
he simultaneous visual and acoustic representation is meaning-
ul. Nevertheless, to assess the strengths and shortcomings of both
isual and acoustic simulation aspects, validity should be evalu-
ted individually along with reliability. With this article, we  will
emonstrate such a method and its application.
We deal with the question whether computer generated visual-
coustic simulations simulate similar reactions of respondents as
ecordings of the same wind park. Since we do not evaluate whether
he simulations match the perception created by the actual envi-
onment, it has to be noted that our method is not a full validation
f the computer generated simulations. With our study we intend
o contribute to approaches for evaluating whether computer gen-n Planning 153 (2016) 180–197 181
erated simulations are perceived as similarly as other more directly
recorded media.
2. Method
2.1. Participants
The study sample consisted of people, mainly from the academic
ﬁeld. They were not reimbursed. The participants were invited
by email and oral advertisement in student classes. The complete
sample consisted of 24 male and 11 female (n = 35) participants.
They had a background in geomatic engineering, architecture, envi-
ronmental sciences, and spatial planning. The participants were
bachelor students (11), master students (8), or PhD students (8),
others were conducting the master of advanced studies (4), or were
from other ﬁelds (4). The majority of the participants were aged
20–29 years (23 participants), 11 were 30 years or older and 1 was
younger than 20 years.
2.2. Stimuli
In order to evaluate the visual-acoustic simulation, the response
to the simulations was compared to the response to a conventional
landscape representation. The two  representation types used to
represent different wind park situations in the landscape are:
• Recordings: live digital recordings (visual and audio) of on-site
environmental viewpoints of a wind park.
• Simulations: computer generated simulations (visualization and
auralization) of the same environmental viewpoints of a wind
park as in the recordings.
2.2.1. Recordings
To generate the live digital recordings, visual and acoustic ﬁeld
recordings of ﬁve viewpoints were accomplished at the Mont
Crosin (Canton of Berne, Switzerland) on 11 October and on 2
December 2011. To obtain a variety of scenarios to assure the rep-
resentativeness (Sheppard, 2005), the ﬁve viewpoints differed in
wind speeds, weather conditions, viewing directions, and num-
ber of wind turbines visible. For weak wind conditions, the wind
speed was 3–4 m/s  at 10 m above ground. For strong wind condi-
tions, the wind speed at 5 m above ground amounted to 8–9 m/s.
Furthermore, the ﬁve locations on-site met  the following visual
and acoustic criteria (Manyoky et al., 2012): the viewpoints were
chosen according to the pedestrians’ behavior, such as staying on
the road (Braun & Ziegler, 2006), and the possibility to experi-
ence the characteristics of the environment, including the visual
impact (Jessel, Fischer-Hüftle, Jenny, & Zschalich, 2003) caused
by the wind turbines. Different contents of views were deﬁned,
showing one wind turbine in the front, one wind turbine in the
background, or several wind turbines. The acoustic requirements
for the selection of adequate viewpoints were to cover the basic
auralization modules: sound generation, propagation, and repro-
duction (Vorländer, 2008). This resulted in an emission recording
(close to a wind turbine), an ambience recording (close to a forest),
a propagation recording (up to 500 m distance to a wind turbine),
and a multi-source recording (two or more wind turbines from dif-
ferent directions). For each viewpoint, the sound pressure (Pa) was
measured with a calibrated ½-in free-ﬁeld microphone. These mea-
surements served as a calibration of the multi-channel recordings.
The main video and audio recordings were performed as described
in Manyoky et al. (2014).2.2.2. Simulations
2.2.2.1. Visualization. We  developed the visual simulation accord-
ing to the methods described by Manyoky et al. (2014), using the
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ame engine CryENGINE (Crytek GmbH, 2014). We  integrated geo-
ata, such as a height map  of 2 m resolution (swissALTI3D, 2014),
ith an overlaid orthophoto of 0.5 m resolution (SWISSIMAGE,
014) to generate GIS-based 3D landscape visualizations of the
ind park at Mont Crosin. In order to produce a detailed land-
cape representation, 3D models for vegetation and wind turbines
ere added according to their real-world locations. We  relied on
heppard (1982) to assure the simulation accuracy by modelling
he simulations in a way that they matched the on-site recordings
s well as possible. The measured on-site wind speed was set cor-
espondingly in the virtual landscape, deﬁning the animation of
egetation and clouds. Also the moving velocity of the rotor blades
as adjusted to the corresponding rotation speed of the wind tur-
ines visible in the on-site recordings. Overall, we relied on the
isual recordings, taking care that the biophysical environmental
eatures, such as the landforms, topography, and vegetative cover,
ere as similar as possible (Daniel & Meitner, 2001).
.2.2.2. Auralization. The acoustic simulation is the spatially
xplicit auralization of the wind turbine noise. The simulation
onsiders the landscape context and the meteorological condi-
ions (Manyoky et al., 2014). The auralization of the wind turbine
oise comprises an emission synthesis (Pieren, Heutschi, Müller,
anyoky, & Eggenschwiler, 2014), a propagation ﬁltering (Heutschi
t al., 2014), and a reproduction system. The model parameters of
he emission synthesizer were obtained from preceding emission
easurements, performed from 7 to 9 September 2011 at individ-
al turbines in the wind park under investigation. In the simulation,
or each wind turbine, input variables, such as the wind turbine type
nd the wind conditions, were set in accordance with the ﬁeld con-
itions when recordings were taken. The acoustic properties, such
s the spectral and temporal characteristics of recorded and syn-
hesized wind turbine noise, are speciﬁed in Pieren et al. (2014).
urther, the auralization of the wind turbine noise was validated in
 study with experienced listeners comparing real emission record-
ngs, from which the parameters for the emission synthesizer were
btained, to the synthesized emission sound. The listeners had to
dentify the sound as “original recording” or “synthesized sound”,
r they could choose “I don’t know”. As for the synthesized sound
bout 50% of the ratings were indicated as “original recording” or
s “I don’t know”, the synthesized emission sound quality can be
ated as very good (Pieren et al., 2014).
The sound propagation is dependent on the topography, the
round type, the weather conditions, the locations of the turbines,
nd the receiver position. These variables were input to ﬁlters and
hey were set according to their characteristics at the different
iewpoints of the on-ﬁeld recordings. The sound reproduction sys-
em is based on the planar ﬁrst-order ambisonics technique and
ses a regular layout of ﬁve broadband loudspeakers. The loud-
peaker signals were rendered by taking into account the viewing
irection. This type of reproduction technique is particularly suited
or validation, as surround sound recordings taken with a sound-
eld microphone can be easily reproduced and thus allow for direct
omparison with the synthesis. Overall, the synthesizer, the ﬁlters,
nd the chosen reproduction system ensured that the sound of the
ind turbines as well as its propagation in a certain landscape was
uralized physically correct for a person sitting in the middle of the
ircle of loudspeakers.
.2.2.3. Visual-acoustic simulations. The visual and acoustic simula-
ions were linked, following the approach of Manyoky et al. (2014).
e produced ﬁve videos of the simulation, one for each viewpoint.
Table 1 shows an overview of all videos, the recordings (a) and
he simulations (b). Viewpoint 5 is an exceptional capture, as the
un was exactly behind the wind turbine rotor, leading to a back-
ight appearance, in which the rotating shadow on the ground isn Planning 153 (2016) 180–197
extremely dominant. We decided to include this viewpoint, as in a
study pretest participants suggested to include a viewpoint show-
ing the effect of fast and frequently rotating shadows on the ground.
2.3. Data collection instrument, evaluation indicators
To evaluate the visual and acoustic perceptions of the videos, a
questionnaire with structured ratings of the perceived scenery and
the sound represented in the videos was prepared. The question-
naire was divided into a visual and an acoustic perception part. This
way, for each of the simulations the perception differences to the
recordings can be estimated. A full list of the tested indicators in
the questionnaire and their response scales is given in Table 2.
2.3.1. Visual perception
For the visual perception, we relied on existing questions for
intuitively rating the degree of landscape attractiveness (Daniel &
Meitner, 2001; von Haaren, 2004). Perceived scenic preference was
assessed by asking the participants how much they liked the land-
scape scenery (V1), from “not at all” to “extremely” on a discrete
numeric 0–10 scale. We evaluated the realism of the landscape
presented (V2) as well, as Rohrmann et al. (2000) showed a correla-
tion between perceived simulation quality and appreciation of the
area. Furthermore, to assess the comprehension of the landscape
scenery, the perception of the wind turbine’s integration into the
landscape (V3) was evaluated.
The evaluation of visual attributes can help to explain the differ-
ences between the perception of the recordings and the simulations
(Rohrmann et al., 2000). For example, bipolar adjectives as seman-
tic differential ratings can be employed in descriptive assessments
of environmental displays (Craik, 1968). These ratings are also used
for comparing responses to different media (Feimer, 1984), for
scenic landscape assessment (Kane, 1981), and for testing the valid-
ity and effectiveness of landscape representations (Lim, Honjo, &
Umeki, 2006; Oh, 1994). In terms of the acoustic ratings, bipolar
adjectives can be used to analyze connotative meanings (such as
interesting/boring and like/dislike) and denotative meanings (such
as quiet/noisy and smooth/rough) (Kang & Zhang, 2010).
We chose bipolar adjectives to describe visual attributes
addressing the scene characteristics: dark/bright (V4),
static/dynamic (V5), pleasant/unpleasant (V6), non-color-
coordinated/color-coordinated (V7). Lim et al. (2006) used
the ﬁrst three pairs among others for testing the validity of 3D
visualizations (static and walk-through visualizations). Regarding
the last pair, the adequate representation of colors was mentioned
by respondents as one of the major characteristics of the credibility
of simulations (Oh, 1994). All bipolar adjectives were selected
with regard to the ability to adjust the simulation. The ﬁve pairs of
bipolar adjectives were evaluated on a 5-point scale (Oh, 1994).
2.3.2. Auditory perception
The auditory perception was  evaluated according to the stan-
dard of the International Commission on the Biological Effects of
Noise (ICBEN standard) (Fields et al., 2001). The annoyance caused
by the noise of the wind turbines (A1) was  rated from “not at all” to
“extremely” on a discrete numeric 0–10 scale (Fields et al., 2001).
In addition to annoyance, the overall realism of the acoustic
scenery (A2) and another set of pairs of bipolar adjectives (A3
and A4) were evaluated. The bipolar adjectives address the per-
ceived sound level (A3) and the perceived noise structure (A4),
such as tonal changes, both denotative components of the per-
ceived noise (Kang & Zhang, 2010). Acoustic bipolar adjectives
for semantic differential ratings were also used in the study of
Hellbrück, Ellermeier, Kohlrausch, and Zeitler (2008), considering
the perception of different object related sound characteristics.
The evaluations of these bipolar adjectives provide information to
M. Manyoky et al. / Landscape and Urban Planning 153 (2016) 180–197 183
Table  1
Overview of the tested videos of the recordings (a) and simulations (b) of the ﬁve viewpoints in ﬁeld.
Viewpoint (a) (b)
Recordings Simulations
Viewpoint 1
Weather condition: strong wind
Closest wind turbine:131 m
Visible wind turbine: one
Viewpoint 2
Weather condition: weak wind
Closest wind turbine: 182 m
Visible wind turbines: several
Viewpoint 3
Weather condition: weak wind
Closest wind turbine: 182 m
Visible wind turbine: one
Viewpoint 4
Weather condition: strong wind
Closest wind turbine: 170 m (not visible, behind the observer)
Visible wind turbines: several
Viewpoint 5
Weather condition: weak wind
Closest wind turbine: 131 m
Visible wind turbine: one
e
w
2
u
cnhance the acoustic simulation. The ﬁve pairs of bipolar adjectives
ere evaluated on a 5-point scale (Kariel, 1990).
.4. The “Mobile visual-acoustic lab”To accomplish the evaluation of the computer generated sim-
lations, the study environment for each participant should be
omparable. To assure the comparability, the visual and the acous-
Fig. 1. The interior setup of the mobile visual-acoustic lab (MVALtic conditions have to be calibrated and controlled for each
participant. Therefore, a laboratory environment was developed in
shape of a mobile visual-acoustic lab (MVAL). The MVAL consists of
an aluminium construction with dimensions of 5 × 5 × 2.5 m.  This
interior space was needed to set up 5 loudspeakers arranged in a
pentagon setting (as shown in Fig. 1, right), generating an appro-
priate acoustic ﬁeld. The interior achieved by black curtains on
the roof and walls leads to an evenly illuminated space exclud-
) (left) and the pentagon setup of the loudspeakers (right).
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Table 2
Index overview of the stimuli variables, the questions and their scales.
Index Indicator
Stimuli Variables (S)
S1 Type: recording or simulation
S2  Viewpoint: 3 weak wind and 2 strong wind conditions
S3  VideoOrderPosition: position of the video in the presentation order
of  the 10 videos
Visual Perception Questions (V)
V1 Liking of the landscape scenery (scale: 0–10, from “not at all” to
“extremely”)
V2 Perceived realism of the landscape scenery (scale: 0–10, from “not
at  all” to “extremely”)
V3 Perceived integration of the wind turbine(s) in the landscape
scenery (scale: 0–10, from “disturbing” to “well integrated”)
V4–V7 Impressions of the landscape scenery: dark/bright, static/dynamic,
unpleasant/pleasant, non-color-coordinated/color-coordinated
(scale between bipolar adjectives: 1 = very, 2 = little, 3 = neutral,
4  = little 5 = very)
Acoustic Perception Questions (A)
A1 Annoyance of the wind turbine noise (scale: 0–10, from “not at all”
to “extremely”)
A2 Perceived realism of the wind turbine noise (scale: 0–10, from “not
at all” to “extremely”)
A3 and A4 Impressions of the wind turbine noise: low/loud, steady/pulsed
(scale between bipolar adjectives: 1 = very, 2 = little, 3 = neutral,
4  = little 5 = very)
A5 Major noise annoyance aspect (one choice: sound level, noise
variation, tonal variances, nothing)
Socio-Demographic Questions (D)
D1-D7 Gender, age, education level, attitude towards wind turbines in
Switzerland (scale: meaningless/meaningful/no opinion), prior
experiences with wind turbines (scale:
positive/negative/both/neither), importance of the landscape84 M. Manyoky et al. / Landscape an
ng external light emissions. Furthermore, it provides an improved
ound ﬁeld, as the sound absorption coefﬁcient of the curtains with
00% fullness is close to 1 for mid  and high frequencies (swisscom,
010). In consideration of the subtleties of the sounds presented, it
s important to use a low noise projector.
The loudspeaker volumes are calibrated using a sound level
eter. All these characteristics of the MVAL shown in Fig. 1 (left)
ead to stability of the experiments in the laboratory and, thus,
llow testing visual-acoustic simulations within controlled acous-
ical conditions.
.5. Procedure and experimental design
For this study, the MVAL was set up in a conventional meet-
ng room at the university. The recordings and the simulations
ere presented and rated by the participants in the MVAL. Each
articipant was tested individually. Before the evaluation started,
he participants were informed that they would see videos of a
ind park from different viewpoints and under different weather
onditions, and that they should rate their perception of the land-
cape scene and of the noise after viewing a video. Then, the videos
f 15 s duration each were shown to every participant. To mini-
ize the inﬂuence of the sequence of the videos on perception,
he order of the videos was randomly assigned under the condition
hat a recording was followed by a simulation. After each video,
 break of individual duration was given to ﬁll out one page of
he questionnaire. For each video evaluation the same questions
ere asked. After evaluating all videos, the participants were asked
o answer additional questions concerning their experiences with
ind turbines in the landscape and further questions to gather
ocio-demographic information. The study procedure took about
0 min  per participant.
.6. Statistical analysis
For the statistical analysis we used the computer software R,
ersion 2.15.1 (R Core Team, 2012). To calculate the intraclass
eliability coefﬁcients, the irr-package version 0.84 was used. The
stimates of the mean values, standard deviations and differences
re indicated in points (pts), ranging from the corresponding scale
n Table 2. To perform linear mixed-effects model analysis, we used
he package lme4 version 0.999999-0 (Bates, Maechler, & Bolker,
012). Mixed-effects models provide a ﬂexible tool for the analy-
is of grouped data, such as repeated measures (Pinheiro & Bates,
000). In our study, we conducted repeated measures as every
articipant rated all 10 videos. Mixed-effects models incorporate
oth, ﬁxed effects and random effects. Fixed effects are parameters
or example associated with certain repeatable levels of experi-
ental factors, and random effects are associated with individual
xperimental units drawn at random from a population (Pinheiro
 Bates, 2000). As ﬁxed effects, we entered the video type (Type
ecording/simulation), the ﬁve viewpoints (Viewpoint 1–5), and
he position of the video in the order (VideoOrderPosition 1–10).
s random effects, we entered the participants. For multiple com-
arisons between the ﬁxed effects we used the glht() function of
he multcomp-package version 1.3-2. Visual inspection of residual
lots did not reveal obvious deviation from normality.
. Results and discussion
.1. Evaluating the reliability coefﬁcientsTo establish the reliability of the agreement of raters’ judgments,
e calculated intraclass correlations (ICC) (Palmer & Hoffman,
001) for two cases. First, we evaluated for each viewpoint (1–5)
eparately whether participants rated similarly across the videoscenery in Switzerland (scale: 1–5, from “not at all” to
“extremely”), familiarity with computer games (scale: yes/no)
types. Second, we  evaluated for each video type separately (record-
ings and simulations) whether participants rated similarly across
all viewpoints. In the following, both cases are reported for the indi-
cators of Table 2, but the interpretation of the ICC coefﬁcients is
focused on (V1) and (A1), as these two  indicators are commonly
assessed in visual landscape evaluations and acoustic assessments.
The ICCs were assessed using a two-way random absolute agree-
ment average-measure ICC calculation (McGraw & Wong, 1996). A
random effects model was  chosen, as the intent of this evaluation is
to use the simulations in the future with other people. Results from
a random model can be generalized; results from a mixed model
are speciﬁc to the raters (Shrout & Fleiss, 1979).
The ICCs in Table 3 show the degree to which participants
exhibited agreement in their ratings across the video types (record-
ings or simulations). For the liking of the landscape scenery (V1),
most of the resulting ICCs are in the excellent range of ICC > 0.75
(Cicchetti, 1994; Hallgren, 2012), indicating that participants had a
high degree of agreement while evaluating the landscape scenery
(V1) of the recordings and the simulations. A high ICC suggests that
a minimal amount of measurement error was  introduced by the
participants (Hallgren, 2012). However, for viewpoint 1, no agree-
ment could be detected. Data inspection showed that the rating
values of 13 participants (37%) were higher based on the landscape
representation with the recordings than with the simulations. But
for the same number of participants the results are just the other
way round. The remaining 9 participants (26%) rated both video
types exactly the same. For the annoyance of noise (A1), partic-
ipants tend to agree among the video types for viewpoint 1 and
viewpoint 5 but not for viewpoints 2, 3, and 4.
The ICCs in Table 4 show the degree to which participants exhib-
ited agreement in their ratings across all viewpoints. For (V1) the
ICC of 0.47 for the recordings is still a “fair” value according to
M. Manyoky et al. / Landscape and Urban Planning 153 (2016) 180–197 185
Table  3
ICC calculation for each viewpoint (1–5) of participants’ ratings for absolute agreement of the video types (recording and simulation). The number of participants (n) is
indicated when answers were missing.
Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint 4 Viewpoint 5
Index Indicator ICC(A,35) ICC(A,35) ICC(A,35) ICC(A,35) ICC(A,35)
Visual  Scale [0–10]
V1 Liking of landscape scenery – 0.87*** 0.78** 0.84** 0.92***
V2  Perceived visual realism 0.89*** 0.96*** 0.97*** 0.96*** 0.97***(n = 34)
V3  Perceived integration of WT 0.23 0.55+ 0.62+ – –
Visual  Scale [1–5]
V4 Impression dark/bright 0.10 – – – 0.89**
V5  Impression static/dynamic 0.84** 0.79** 0.91** 0.88** 0.96***
V6  Impression unpleasant/pleasant – 0.68+ 0.88** 0.46 0.86**
V7  Impression (non)color-coordinated 0.16 0.90** 0.84*** 0.89*** 0.93***
Acoustic Scale [0–10]
A1 Annoyance of wind turbine noise 0.64* 0.08 – 0.46 0.75**
A2  Perceived acoustic realism – 0.87*** – 0.22 0.69*
Acoustic Scale [1–5]
A3 Impression low/loud 0.48 0.08 (n = 34) – – 0.94***(n = 33)
A4  Impression steady/pulsed 0.28 0.60+(n = 34) – 0.84**(n = 34) 0.91***
S
B
C
d
l
f
n
w
f
t
o
t
a
p
w
r
w
s
d
t
p
o
b
i
t
i
(
s
r
(
c
e
a
a
r
t
2
s
n
pignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
lank cells (−) indicate that the values are either negative or larger than one.
icchetti (1994), but for the simulations, no agreement could be
etected. This would indicate that respondents perceived the simu-
ations of the different viewpoints quite differently. Direct feedback
rom the participants suggests that some participants were fasci-
ated by the viewpoints showing strong wind conditions but others
ere frightened by the same viewpoints. A reason for no agreement
or the simulations might be that respondents were distracted in
he sense that they may  have been thinking about how interesting
r amazing the simulation was, or they were noticing aspects in
he simulation that were not quite right. These simulation-induced
ffects and slight distractions might have tended to affect partici-
ants’ ratings into a wider range than for the recordings. Although
e tried to get the visualization as realistic as possible, there is a
emarkable decrease in reliability from recordings to simulations,
hich points to further research. We  suggest that the simulations
hould be shown to subjects more than once so that subjects may
iminish their fascination or ﬁxation upon the details of simula-
ions. After viewing the simulations a second or a third time, the
rovided ratings might possibly be more reliable.
For the annoyance ratings of noise (A1), we expected agreement
f participants among the different viewpoints, as the wind tur-
ine noise was remarkably louder under strong wind conditions
n contrast to weak wind conditions. The calculated ICC among
he viewpoints in Table 4 is in an excellent range for the record-
ngs (ICC = 0.86, p < 0.001) and in a good range for the simulations
ICC = 0.71, p < 0.001). These ICC values might indicate that with the
imulated wind turbine noise, we are now able to induce compa-
able annoyance ratings among different viewpoints.
To interpret the reliability coefﬁcients, we relied on Cicchetti
1994), because he provides commonly-cited cutoffs for reliability
oefﬁcients for psychological assessments (Hallgren, 2012). How-
ver, Palmer and Hoffman (2001) suggest a higher standard with
 correlation of 0.90 and above, when very important decisions
re made. Furthermore, the acceptability of differences between
atings is not solely a statistical decision but also depending on
he purpose and the consequences of the decisions (Kottner et al.,
011). Therefore, it is recommended that the higher standards
hould be achieved if the results can have a major effect upon plan-
ing decisions, e.g. for landscape impact assessments of a speciﬁc
roposal to derive permitting decisions.3.2. Evaluating the validity coefﬁcients
Sheppard (1982) distinguishes between the accuracy of visual
properties and the equivalence of responses. The accuracy of visual
properties, such as color, shape, texture, position, and scale of
the objects, was  pursued by adjusting the simulation during the
modelling process on the basis of the real landscape recordings.
Concerning the validity of rating responses, the most common
method is to demonstrate a similar response pattern by calculating
a correlation coefﬁcient, normally the Pearson’s product-moment
(Palmer & Hoffman, 2001). Palmer and Hoffman (2001) state that,
based on research among psychometricians (Nunnally, 1978), a
correlation higher than 0.70 should be achieved and a correla-
tion of 0.90 is preferred to demonstrate valid measurements. As
the correlation only measures a similar pattern of response, a high
correlation is possible even though the actual values may  system-
atically differ (Palmer & Hoffman, 2001) in ways that, for example,
might shift or skew the two  patterns of ratings. Therefore, we
calculated the Welch Two  Sample t-tests in Table 5 in addition
to the correlation coefﬁcients, to identify whether the differences
between recording and simulation ratings are signiﬁcant. In accor-
dance with Daniel (2001) and Bishop and Rohrmann (2003), we
used group means of the viewpoints (1–5) to compare the ratings
from the different video types (recordings and simulations).
In Table 5, we found that most correlations reach the minimal
0.70 correlation threshold. This conﬁrms that the simulations tend
to induce rather similar responses compared to the recordings,
across the viewpoints. Furthermore, a signiﬁcant correlation for
some bipolar adjectives shows that these aspects were perceived
similarly across all viewpoints. However, for (V1) and for (A2), the
correlation coefﬁcient is not sufﬁcient, indicating that for these two
indicators the response difference varies per viewpoint. Now, the
question rises, whether the difference between the means (Rec.-
Sim.) is “important” or not. This is addressed in the next section.
3.3. Evaluating the mean differences
Standardized mean differences such as Cohen’s d (for popula-
tion data) or Hedges’ g (for sample data) can be used to show the
strength of a relation between means, and to determine whether
or not the differences are acceptable (Palmer, 2015). Cohen (1988)
recommends general thresholds for interpreting d. Stamps (2002)
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Table  4
ICC calculation for the video types (recordings and simulations) of participants’ ratings for absolute agreement evaluation across all viewpoints. The number of participants
(n)  is indicated when answers were missing.
Recordings Simulations
Index Indicator ICC(A,35) ICC(A,35)
Visual  Scale [0–10]
V1 Liking of landscape scenery 0.47+ –
V2  Perceived visual realism 0.31 0.86***
V3  Perceived integration of WT 0.82*** 0.76***
Visual  Scale [1–5]
V4 Impression dark/bright 0.98*** 0.97***
V5  Impression static/dynamic 0.81*** 0.53*
V6  Impression unpleasant/pleasant 0.76** 0.27
V7  Impression (non)color-coordinated 0.66** 0.86***
Acoustic Scale [0–10]
A1 Annoyance of wind turbine noise 0.86*** 0.71***
A2  Perceived acoustic realism 0.15 0.37+
Acoustic Scale [1–5]
A3 Impression low/loud 0.93*** 0.92***
A4  Impression steady/pulsed 0.92*** 0.68*
Signif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
Blank cells (−) indicate that the values are either negative or larger than one.
Table 5
Mean differences (Rec.-Sim.), the Pearson r correlation between the video types and the t-value of the video types (S1), pooled over all viewpoints (S2).
Index Indicator Response over all viewpoints (S2)
Mean Diff (Rec.–Sim.) Pearson rcorrelation t-value
Visual Scale [0–10]
V1 Liking of landscape scenery 1.10 −0.37 5.08**
V2  Perceived visual realism 2.43 0.85 4.85**
V3  Perceived integration of WT 0.19 0.79 0.39
Visual Scale [1–5]
V4 Impression dark/bright −0.19 0.95 −0.37
V5  Impression static/dynamic 0.83 0.69 3.82**
V6  Impression unpleasant/pleasant 0.39 0.65 2.32+
V7  Impression (non)color-coordinated 0.63 0.72 2.72*
Acoustic Scale [0–10]
A1 Annoyance of wind turbine noise 0.55 0.92 0.97
A2  Perceived acoustic realism 0.45 −0.16 2.57*
Acoustic Scale [1–5]
A3 Impression low/loud 0.32 0.83 1.03
0.43 
S
t
l
a
i
t
i
t
e
f
t
t
a
c
t
(
s
a
i
a
cA4  Impression steady/pulsed 
ignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
ested these thresholds in numerous studies and suggests the fol-
owing extension: if the absolute value of d or g is between 0.0
nd 0.2 the difference is so small that it can be classiﬁed as triv-
al, 0.2–0.5 is small, 0.5–0.8 is medium, 0.8–1.1 is large, and greater
han 1.1 is very large. Using this approach to evaluate scenic impacts
s described by Palmer (2015). In this article, we use this approach
o evaluate both, the visual and the acoustic assessment. How-
ver, the use of the same thresholds for acoustic assessments as
or scenic impacts should be studied in further research. Overall,
he thresholds should be treated as tentative as there is little litera-
ure and experience with this approach. Validating them would be
 constructive future study.
According to the formulas published in Cumming (2012), we
alculated Cohen’s d for paired-design (formula 11.10) and added
he correction to get unbiased Hedges’ g for paired-design cases
formula 11.13). The correction is important especially for small
amples. In Table 6, the mean responses, the standard deviations
nd the unbiased Hedges’ g for the differences between the record-
ngs and the simulations for the indicators of Table 2 are shown, for
ll ﬁve viewpoints. The calculations pooled over all ﬁve viewpoints
an be found in Appendix A.0.78 1.39
In Table 6, only trivial or small Hedges’ g can be identiﬁed for the
perceived integration of the wind turbines in the landscape (V3).
This might indicate that people comprehend the landscape scenery
similarly in both video types.
However, for some viewpoints we  report large differences for
(V1), (V7), and (A3) and very large differences for (V2) and (V5).
Here, the question rises why  there are these differences between
the two  media. Overall, there is a tendency that response differ-
ences between the recordings and the simulations are lowest for
viewpoint 1 and highest for viewpoint 5 across most of the indi-
cators reported in Table 6. Therefore, we extend our analysis by
discussing the indicators in Table 6 for the viewpoints separately,
structured into three parts:
• The perceived visual and acoustic experience (V1) and (A1).
• The perceived visual and acoustic realism (V2) and (A2).
• The bipolar adjectives (V4-V7) and (A3 and A4).To complement the statistical analysis, we report the mixed
model for (V1) and (A1) in Appendix B, and the likelihood ratio
test of the ﬁxed effects of the mixed model in Appendix C. The inﬂu-
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Table  6
Mean ratings, standard deviations and Hedges’ g of both media types (S1) for all viewpoints (S2). Indicator scales are deﬁned in Table 2.
Index Indicator Recordings (S1) Simulations (S1) Hedges’ g
Mean SD Mean SD g IMPORTANCE
V1 Liking landscape scenery
Viewpoint 1 6.11 2.10 5.86 2.09 0.120 trivial
Viewpoint 2 7.11 1.67 5.86 2.18 0.633 medium
Viewpoint 3 6.77 1.46 5.80 2.34 0.487 small
Viewpoint 4 6.69 1.89 5.49 2.18 0.574 medium
Viewpoint 5 7.03 1.84 5.23 2.26 0.854 large
V2  Perceived visual realism
Viewpoint 1 8.40 1.82 6.97 2.20 0.692 medium
Viewpoint 2 8.31 1.77 5.71 2.44 1.191 very large
Viewpoint 3 8.49 1.50 5.83 2.38 1.304 very large
Viewpoint 4 8.91 1.13 6.74 2.16 1.233 very large
Viewpoint 5 7.65 2.11 4.40 2.43 1.395 very large
V3  Perceived integration of WT
Viewpoint 1 5.29 2.33 5.77 2.04 −0.222 small
Viewpoint 2 6.63 1.94 5.94 2.27 0.325 small
Viewpoint 3 6.37 2.04 5.60 2.25 0.359 small
Viewpoint 4 6.71 2.11 6.74 1.96 −0.014 trivial
Viewpoint 5 4.80 2.55 4.77 2.21 0.012 trivial
V4  Impression dark/bright
Viewpoint 1 2.06 0.72 2.23 0.72 −0.234 small
Viewpoint 2 3.86 0.80 3.91 0.81 −0.070 trivial
Viewpoint 3 3.77 0.72 3.74 0.73 0.038 trivial
Viewpoint 4 2.31 0.57 2.43 0.84 −0.156 trivial
Viewpoint 5 3.29 0.88 3.94 0.98 −0.688 medium
V5  Impression static/dynamic
Viewpoint 1 3.63 1.02 2.97 1.23 0.569 medium
Viewpoint 2 3.26 1.08 2.71 1.08 0.491 medium
Viewpoint 3 3.26 1.13 2.40 1.02 0.779 medium
Viewpoint 4 3.89 1.12 3.09 1.16 0.689 medium
Viewpoint 5 4.20 0.86 2.89 1.26 1.194 very large
V6  Impression unpleasant/pleasant
Viewpoint 1 3.11 1.06 3.09 1.08 0.026 trivial
Viewpoint 2 3.80 0.92 3.43 0.84 0.413 small
Viewpoint 3 3.94 0.72 3.37 0.93 0.674 medium
Viewpoint 4 3.43 0.99 3.14 0.93 0.290 small
Viewpoint 5 3.74 1.13 3.06 1.04 0.617 medium
V7  Impression (non)color-coordinated
Viewpoint 1 3.74 1.13 3.51 1.05 0.205 small
Viewpoint 2 4.23 0.90 3.57 0.87 0.727 medium
Viewpoint 3 4.29 0.85 3.77 0.93 0.566 medium
Viewpoint 4 4.26 0.94 3.54 1.08 0.692 medium
Viewpoint 5 3.71 1.30 2.66 0.92 0.917 large
A1  Annoyance of wind turbine noise
Viewpoint 1 5.60 2.11 4.80 2.35 0.350 small
Viewpoint 2 3.37 2.37 3.03 2.06 0.151 trivial
Viewpoint 3 3.17 2.35 3.43 2.41 −0.106 trivial
Viewpoint 4 4.74 2.85 3.97 2.24 0.294 small
Viewpoint 5 5.14 2.74 4.03 2.29 0.432 small
A2  Perceived acoustic realism
Viewpoint 1 7.80 1.56 7.74 1.44 0.037 trivial
Viewpoint 2 8.17 1.23 7.23 1.66 0.632 medium
Viewpoint 3 7.54 1.73 7.51 1.68 0.016 trivial
Viewpoint 4 7.74 2.01 7.34 1.91 0.200 small
Viewpoint 5 7.71 1.81 6.91 2.01 0.409 small
A3  Impression low/loud
Viewpoint 1 4.03 0.70 3.80 0.71 0.318 small
Viewpoint 2 2.94 1.00 2.69 1.01 0.249 small
Viewpoint 3 2.94 0.92 2.80 1.04 0.142 trivial
Viewpoint 4 3.63 0.90 3.49 0.69 0.174 trivial
Viewpoint 5 3.82 0.71 3.00 0.84 1.038 large
A4  Impression steady/pulsed
Viewpoint 1 3.43 0.90 3.17 1.16 0.242 small
Viewpoint 2 2.71 1.23 2.27 1.04 0.386 small
Viewpoint 3 2.29 1.00 2.40 1.13 −0.105 trivial
Viewpoint 4 3.41 1.24 2.71 1.06 0.592 medium
e
i
D
hViewpoint 5 3.74 1.16 nce of the additional questions concerning the socio-demographic
nformation on the indicators (V1) and (A1) are listed in Appendix
. Here, as expected, the prior experience with wind turbines (D5)
ad a signiﬁcant inﬂuence on the ratings of (V1) and (A1). However,2.86 1.05 0.786 mediumthe experiences with computer games, which may  imply familiar-
ity with 3D simulations, did not have a signiﬁcant inﬂuence on the
ratings.
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.3.1. The perceived visual and acoustic experience
The differences between the ratings of recording and simula-
ion for each viewpoint 1–5 and of the indicators (V1) and (A1) are
hown in Table 7. The differences are calculated by multiple com-
arison of means analysis of the mixed model in Appendix B. For
V1), positive differences indicate that the recording was visually
ore positively perceived. In turn for (A1), higher ratings mean that
he recording was acoustically perceived as more annoying than
he simulation. If the hypothesis is that there will be nearly no per-
eption difference between the recording and the simulation, then
he differences should be very small, and statistically signiﬁcant
ifferences would not support that hypothesis.
The mean ratings of the recordings and the simulations for (V1)
nd (A1) are shown in Fig. 2. For the perceived liking of the land-
cape (V1), the ratings are most similar for viewpoint 1 with a
ifference of trivial importance in Table 6. This trivial rating differ-
nce might also have caused the low reliability value for viewpoint
 in Table 3, whereas the rating difference can probably not be
ssigned to the video type.
The most signiﬁcant difference appears for viewpoint 5, where a
pecial scene was presented with the sun directly behind the wind
urbine rotor, causing a fast moving shadow ﬂicker on the ground.
he Hedges’ g for viewpoint 5 is also large in Table 6. Written
esponses of the participants suggest that these special conditions
onfused people and diminished their understanding of the scene.
owever, this potential confusion affecting measurement validity
or viewpoint 5 appears not to also cause a reliability problem, as
he reliability of this viewpoint for (V1) is good (Table 3).
With respect to the annoyance of wind turbine noise (A1) in
ig. 2, the majority of the mean ratings across viewpoints for the
imulations indicate perceptions of lower annoyance. This might
e due to differences in sound pressure levels, which were slightly
igher within the recordings. These level differences might be
ttributed to prediction errors as well as sounds from other sources
wind, cow bells and vegetation) which were not auralized. Nev-
rtheless, the annoyance differences and the Hedges’ g in Table 6
f the wind turbine noise were remarkably small, indicating that
he ratings of the simulations are valid proxies compared to the
ecordings.
The level differences of the wind turbine noise for the view-
oints under strong wind conditions (1 and 4) compared to weak
ind conditions (2, 3, and 5) are about 8 dB(A). Because a level
hange between 5 and 10 dB(A) can be clearly perceived, we
xpected rating differences between the annoyance produced by
eak versus strong wind conditions. The annoyance rating of view-
oints 1 and 4 is higher in both video types compared to the ratings
f viewpoints 2 and 3. This is in line with Benﬁeld, Bell, Troup, and
oderstrom (2010), supporting that the strong wind condition with
igher wind turbine noise levels annoys the participants more than
eak wind conditions.
The major rating difference in mean ratings of (A1) between
he recordings and the simulations appears for viewpoint 5, just
s it did for (V1). For this viewpoint, showing weak wind condi-
ions, the annoyance was  rated even higher than for viewpoint
, showing strong wind conditions. We  assume that the partici-
ants were most likely inﬂuenced by the image of situation 5 when
ating the annoyance, because it was visually a special viewpoint
ith the ﬂickering shadow and the sun directly behind the wind
urbine. Pedersen and Larsman (2008) identiﬁed audio-visual inter-
ctions in their study of wind turbine perceptions, so that visual
nnoyance may  contribute to the perception of noise annoyance.
o further strengthen validity testing of simulations, audio-visual
nteractions should be analyzed in more detail considering previ-
us studies (Aylor & Marks, 1976; Hong & Jeon, 2014; Maffei, Iachini
t al., 2013; Preis, Hafke-Dys, Szychowska, Kocinski, & Felcyn, 2016;n Planning 153 (2016) 180–197
Watts, Chinn, & Godfrey, 1999). In order to examine audio-visual
interactions, laboratory experiments consisting of three sessions
could be conducted: (1) visual only (2) acoustic only and (3) visual-
acoustic combined session.
Overall, the differences for (A1) are remarkably small for all
viewpoints with only trivial and small Hedge’s g in Table 6. These
small rating differences might also have caused the low ICC values
for some viewpoints in Table 3 for (A1), whereas the rating differ-
ence might probably not be assigned to the video type anymore.
3.3.2. The perceived visual and acoustic realism
The differences between ratings of the two  video types for the
perceived visual realism (V2) and the perceived acoustic realism
(A2) calculated by multiple comparison of the mixed model are
listed in Table 8. The mean values for each viewpoint (1–5) for (V2)
and (A2) are shown in Fig. 3.
For perceived visual realism (V2), we expected a difference
(Bishop & Rohrmann, 2003; Rohrmann & Bishop, 2002; Rohrmann
et al., 2000), as simulations are not yet able to exactly reproduce the
visual realism of the recordings. The Hedges’ g values are medium
and very large in Table 6. However, the ratings show a slightly par-
allel shape in Fig. 3 suggesting that the simulations may  be valid if
a correction is applied. The largest differences were detected for
viewpoint 5. As mentioned above, viewpoint 5 shows a special
sun ﬂicker scene which might have caused an increased nega-
tive inﬂuence on the perception of realism. This is also indicated
by participants’ written feedback stating that shadows were too
sharp-edged, and some simulated trees were not perceived as fully
realistic.
For perceived acoustic realism (A2), where the correlation was
not sufﬁcient over various viewpoints in Table 5, the response dif-
ferences are small in Table 8. The Hedges’ g values in Table 6 suggest
that the differences across the viewpoints are trivial or small, except
for viewpoint 2 for which differences are of medium importance.
Both video types were rated with a high mean level of realism.
3.3.3. The bipolar adjectives
The bipolar adjectives in Fig. 4 were rated from “very” to “neu-
tral” to “very” of the opposite adjective. Fig. 4 shows the mean
ratings for the indicators (V4-V7) and (A3 and A4) between the
recordings and the simulations, pooled over the viewpoints.
The mostly parallel shape of the two lines in Fig. 4 shows that the
impressions of the simulations were rather similar to the recordings
with a slight tendency for the simulations towards lower, more
neutral rating values.
Corresponding differences for each viewpoint calculated by
multiple comparison of means analysis of the mixed model are
listed in Table 9. The main difference lies in the liveliness (V5) of the
perceived landscape, where the Hedges’ g values in Table 6 were
also highest. Slightly lower differences, but still of mainly medium
importance, can be found for color-coordination (V7). The acoustic
perceptions (A3 and A4) were generally perceived as lower and a
bit less pulsed in the simulations. Table 9 shows that for viewpoint
5 the differences for all bipolar adjectives were highest and signif-
icant, and there the Hedges’ g values range from medium to very
large. This, again, underlines that it is a rather special viewpoint, as
explained above. It can be said that while the simulations may  gen-
erally be evaluated as reliable and valid, there are occasions where
they are not, as it is here for viewpoint 5. To identify ineffective
simulations, testing of reliability and validity should be standard
practice when simulations should be implemented in visual impact
assessments.The evaluation of each bipolar adjective indicates aspects of the
simulations that differ compared to the recordings. If it is assumed
that the recordings are closer to what would be perceived in ﬁeld,
then the differences might indicate possible improvements of the
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Table 7
Differences between recordings and simulations (Rec.–Sim.) for each viewpoint (1–5), for the liking of the landscape scenery (V1), and the annoyance of the wind turbine noise (A1), calculated by multiple comparison of means
analysis  of the mixed model.
Index Indicator Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint 4 Viewpoint 5
Scale [0–10] Rec. – Sim. Rec. – Sim. Rec. – Sim. Rec. – Sim. Rec. – Sim.
V1  Liking of landscape scenery 0.22 1.31+ 0.98 1.21 1.82***
A1  Annoyance of WT noise 0.81 0.33 −0.23 0.76 1.11
Signif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
Table 8
Differences between recordings and simulations (Rec.–Sim.) for each viewpoint (1–5), for the visual realism (V2) and the acoustic realism (A2), calculated by multiple comparison of means analysis of the mixed model.
Index Indicator Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint 4 Viewpoint 5
Scale [0-10] Rec. − Sim. Rec. − Sim. Rec. − Sim. Rec. − Sim. Rec. − Sim.
V2  Perceived visual realism 1.35* 2.61*** 2.66*** 2.17*** 3.40***
A2  Perceived acoustic realism −0.01 0.97* 0.10 0.33 0.89+
Signif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
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Fig. 2. Mean ratings of the recordings and the simulations for the liking of the landscape scenery (V1) and the annoyance of the wind turbine noise (A1).
Fig. 3. Mean ratings of the recordings and the simulations for the perceived visual realism (V2) and the perceived acoustic realism (A2).
Table 9
Differences between recordings and simulations (Rec.–Sim.) for each viewpoint (1–5), for the bipolar adjectives (V4-V7) and (A3 and A4), calculated by multiple comparison
of  means analysis of the mixed model.
Index Indicator Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint 4 Viewpoint 5
Scale [1–5] Rec.–Sim. Rec.–Sim. Rec.–Sim. Rec.–Sim. Rec.–Sim.
V4 Impression dark/bright −0.15 −0.06 0.04 −0.12 −0.69**
V5  Impression static/dynamic 0.64* 0.56 0.87** 0.77* 1.36***
V6  Impression unpleasant/pleasant −0.02 0.37 0.59 0.27 0.73*
V7  Impression (non)color-coordinated 0.15 0.66+ 0.52 0.71* 1.14***
A3  Impression low/loud 0.24 0.22 0.16 0.14 0.82***
0.4
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ignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
imulations. The bigger differences among the bipolar adjectives
nd the importance of these differences e.g. suggest that for the
imulations more lively perceptions and better color coordination
ould be achieved. Participants’ comments suggested a need to
nhance the animations of movable environment elements and
 better selection of natural colors. The adequate realization of
olor was also a shortcoming of simulations in the study of Bishop
nd Rohrmann (2003). Concerning the animation, participants indi-
ated in their comments that especially for the viewpoints showing
trong wind conditions and moving clouds, the trees and grass
oved not as strongly and realistically as expected. The appearance
f the foreground and the ground surface cover is also important for
n increased level of perceived realism (Appleton & Lovett, 2003;
ange, 2001).3 −0.11 0.66+ 0.86**
3.4. Methodological reﬂection
The computer generated visual-acoustic simulations were
successfully tested, comparing them to the perception of the cor-
responding recordings of an actual wind park. However, a full
validation of computer generated simulations should compare a
“representation technique” to “the actual environment”. The rea-
sons for conducting the study in the way we  did are the same for
conducting any landscape perception research in a more controlled
setting: the situation in the ﬁeld (e.g., meteorological conditions)
cannot be controlled and, hence, representations of the landscape
in the ﬁeld are needed that keep capricious environmental variables
at controlled levels. Therefore, we compared the computer gener-
ated visual-acoustic simulations to recordings. The lab is needed
to produce controllable conditions, in terms of the visual and the
acoustic room characteristics, when assessing the perception of
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he representation technique at different places. However, much
f the important context is removed in the lab, i.e., our interaction
ith the environment is controlled, as there is no possibility to
alk around and to feel the wind. In further studies, investigations
hould be made comparing the “representation technique” to “the
ctual environment”.
With regard to the time span for perceiving the landscape rep-
esented in the videos, a few participants indicated that it was
lmost too short, as the videos showed the wind park for 15 s only.
owever, we needed a trade-off between the number of different
iewpoints assuring valid representativeness (Sheppard, 2005) and
he length of the videos to keep the overall study duration and
esponse sessions acceptable. As we intended to measure the par-
icipants’ ﬁrst reactions by showing several wind park viewpoints,
e supposed that 15 s should be adequate. However, for a more
ognitive understanding and evaluation of the scene, a video with
 longer duration and potentially a moving view through the land-
cape allowing an experience with different perspectives of scenery
ight be desirable.
The results of this approach indicate how visual-acoustic sim-
lations of different viewpoints can be perceived and allow
dentifying simulation aspects that differ from the recordings.
owever, the approach can still be improved. For example, the
uestionnaire could be extended by directly asking the participants
or perceived validity and representativeness of the presented
andscape simulations. Furthermore, we did no test-retest across
ifferent subjects, conducting the study with the same people after
 certain period of time. This would give more information on the
tability of the results.Concerning the assessment of visual and auditory perceptions,
he psychometric constructs should be selected with caution. For
xample, not only a negative criterion, such as noise annoyance,
ut also positive criteria such as how pleasant or eventful theor all bipolar adjectives, pooled over the viewpoints.
acoustic environment is should be considered (Axelsson, Nilsson,
& Berglund, 2010).
The study is also limited because the analysis is focused on
the noise annoyance and scenic preference ratings. It should be
extended by testing more aspects of sound and visual qualities to
assess the simulations’ degree of evoking the same reaction as the
live digital recordings. Possible audio-visual interactions and their
effect on the landscape assessment should be analyzed in further
studies as well.
Furthermore, some participants requested the inclusion of
ambient sound. They expected to hear not only the wind tur-
bine, but also further ambient sound, such as bird calls, distant
trafﬁc, leaves rustling, or wind sounds. As shown by laboratory
experiments additional ambient sound can mask wind turbine
noise and reduce annoyance from wind turbines (Bolin, Nilsson,
& Khan, 2010; Legarth, 2007; Pedersen, van den Berg, Bakker,
& Bouma, 2010). It might further be interesting whether adding
ambient sound to simulations can enhance the perceived realism.
However, further included auditory contexts would additionally
require visual animation of these contexts in the visual-acoustic
simulation.
4. Conclusions
We developed and applied an approach to evaluate visual-
acoustic simulations for assessing wind park perceptions. We
produced recordings and simulations: the recordings were life
digital recordings (audio and visual) of on-site environmental view-
points of a wind park. The simulations were computer based
(auralization and visualization) and used the same environmental
viewpoints of the recorded wind park. We  tested the visual-
acoustic simulations for whether videos of the simulations induced
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imilar responses to subjects’ assessments of the corresponding
ecordings of the same real environment.
This applied approach for evaluating computer generated simu-
ations was successfully used, showing perception differences and
imilarities between the recordings and the simulations for both
heir visual and acoustic aspects. There was almost no difference
etween the ratings of the annoyance of wind turbine noise. With
egard to the visual landscape assessment, the landscape scenery
n the simulations was rated lower than in the recordings, with
arying difference in magnitude among the viewpoints. Differences
ere mainly found for the perceived realism, and for certain aspects
uch as coloring and animation of landscape elements. The smallest
ifferences were found for the perceived integration of the wind
urbines in the landscape, suggesting that the comprehension of
he simulated landscape scenery was similar than to the recorded
andscape. Further ﬁndings highlight the need to include ambient
oise. Researchers should be aware of how the validity and reliabil-
ty of perception differences between simulations and recordings or
ctual landscapes are affected by the quality of simulations regard-
ng both visual and acoustic perceptions.
This study is an early contribution evaluating computer gener-
ted simulations by testing their validity and reliability but it is not
xhaustive. It is a preliminary and exploratory study, testing how
Index Indicator Response over all Viewpoint
Recordings (S1) 
Visual Scale [0–10] Mean SD 
V1  Liking landscape scenery 6.74 1.84
V2  Perceived visual realism 8.36 1.75
V3  Perceived integration of WT 5.96 2.34
Visual  Scale [1–5]
V4 Impression dark/bright 3.06 1.05
V5  Impression static/dynamic 3.65 1.11
V6  Impression unpleasant/pleasant 3.61 1.02
V7  Impression (non)color-coordinated 4.05 1.07
Acoustic Scale [0–10]
A1 Annoyance of wind turbine noise 4.41 2.68
A2  Perceived acoustic realism 7.79 1.70
Acoustic Scale [1–5]
A3 Impression low/loud 3.47 0.97
A4  Impression steady/pulsed 3.12 1.24
Acoustic Scale [one choice]
A5 Most selected: sound level 42.86% 
Fixed effects Estimate SE 
(V1) Liking of the Landscape Scenery
Intercept 6.05 0.45 
Viewpoint2 1.02 0.43 
Viewpoint3 0.69 0.43 
Viewpoint4 0.58 0.43 
Viewpoint5 0.98 0.43 
TypeSimulation −0.22 0.43 n Planning 153 (2016) 180–197
well simulations can replicate the recordings for assessing wind
park perceptions. A better but more challenging test of validity
should compare a “representation technique” to “the actual envi-
ronment”. In further studies, investigations should be conducted to
ﬁnd ways to more fully understand the validity of computer gener-
ated simulations as landscape representation media for landscape
assessment purposes.
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Appendix A. : Evaluation of the mean differences for
pooled viewpoints
See Table A1.
Table A1
Mean ratings, standard deviations and Hedges’g of both media types (S1) pooled
over all viewpoints (S2).
s (S2)
Simulations (S1) Hedges’ g
Mean SD g IMPORTANCE
 5.65 2.23 0.535 medium
 5.93 2.50 1.121 very large
 5.77 2.24 0.085 trivial
 3.25 1.12 −0.178 trivial
 2.81 1.18 0.727 medium
 3.22 0.98 0.387 small
 3.41 1.05 0.597 medium
 3.85 2.35 0.219 small
 7.35 1.77 0.255 small
 3.16 0.97 0.329 small
 2.68 1.13 0.362 small
49.71%
Appendix B. : Linear mixed-effect models
See Table B1.
Table B1
Fixed effects and the interaction between the video type (S1) and the viewpoints
(S2) of the linear mixed effects model analyses on the ratings of the liking of the
landscape scenery (V1) and the annoyance of the wind turbine noise (A1). Model
references are the viewpoint 1 (Viewpoint), the recordings (Type) and the video
order position 1 (VideoOrderPosition).
t-value 95%CI
13.56*** 5.18;6.91
2.36* 0.13;1.87
1.60 −0.14;1.56
1.34 −0.29;1.45
2.24* 0.06;1.79
−0.52 −1.07;0.65
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Table  B1 (Continued)
Fixed effects Estimate SE t-value 95%CI
VideoOrderPosition2 0.17 0.43 0.40 −0.67;1.07
VideoOrderPosition3 −0.29 0.43 −0.68 −1.16;0.56
VideoOrderPosition4 0.42 0.43 0.97 −0.47;1.23
VideoOrderPosition5 −0.21 0.43 −0.50 −1.09;0.63
VideoOrderPosition6 0.25 0.44 0.56 −0.60;1.11
VideoOrderPosition7 −0.04 0.43 −0.08 −0.91;0.80
VideoOrderPosition8 −0.05 0.43 −0.12 −0.90;0.79
VideoOrderPosition9 −0.16 0.43 −0.36 −1.01;0.71
VideoOrderPosition10 0.34 0.43 0.78 −0.57;1.16
Viewpoint2:TypeSimulation −1.09 0.61 −1.78+ −2.32;0.13
Viewpoint3:TypeSimulation −0.75 0.61 −1.22 −1.96;0.46
Viewpoint4:TypeSimulation −0.99 0.61 −1.62 −2.25;0.18
Viewpoint5:TypeSimulation −1.59 0.62 −2.58* −2.84;−0.37
(A1)  Annoyance of the Wind Turbine Noise
Intercept 5.74 0.49 11.76*** 4.83; 6.63
Viewpoint2 −2.27 0.41 −5.58*** −3.14;−1.44
Viewpoint3 −2.45 0.40 −6.05*** −3.33;−1.63
Viewpoint4 −0.91 0.40 −2.25* −1.80;−0.11
Viewpoint5 −0.49 0.41 −1.20 −1.32;0.37
TypeSimulation −0.81 0.41 −1.99* −1.67;0.01
VideoOrderPosition2 −0.27 0.40 −0.68 −1.12;0.54
VideoOrderPosition3 −0.01 0.40 −0.03 −0.90;0.80
VideoOrderPosition4 −0.14 0.40 −0.34 −1.00;0.69
VideoOrderPosition5 0.01 0.40 0.02 −0.82;0.87
VideoOrderPosition6 −0.14 0.41 −0.35 −0.94;0.77
VideoOrderPosition7 −0.22 0.41 −0.54 −1.07;0.63
VideoOrderPosition8 −0.07 0.41 −0.17 −0.94;0.76
VideoOrderPosition9 −0.30 0.40 −0.73 −1.15;0.53
VideoOrderPosition10 0.03 0.40 0.07 −0.85;0.86
Viewpoint2:TypeSimulation 0.48 0.57 0.84 −0.75;1.67
Viewpoint3:TypeSimulation 1.04 0.57 1.81+ −0.15;2.21
Viewpoint4:TypeSimulation 0.05 0.57 0.09 −1.09;1.26
Viewpoint5:TypeSimulation −0.30 0.58 −0.53 −1.47;0.89
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Bignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
e  used the Markov Chain Monte Carlo estimated p-values (pMCMC) by lme4 package version 0.999999-0.
odel ﬁt: (V1) R2m = 0.10, R2c = 0.33, (A1) R2m = 0.12, R2c = 0.59.
ppendix C. : Likelihood ratio test results of the indicators
See Table C1.
able C1
nﬂuence of the video type (S1), viewpoint (S2) and the video order (S3) on the tested indicators. The model analysis shows, whether the deﬁned ﬁxed effects of the linear
ixed-effect model inﬂuenced the rating of the tested indicators.
Index Indicator (S1) Video Type (S2) Viewpoint (S3)Video Order (S1) × (S2) (S1) × (S3)
Visual Scale [0–10]
V1 Liking of landscape scenery 2(1) = 32.95*** – – – –
V2  Perceived visual realism 2(1) = 153.33 *** 2(4) = 43.83*** – 2(4) = 14.64*** 2(9) = 15.01+
V3  Perceived integration of WT – 2(4) = 51.11*** – 2(4) = 7.93+ –
Visual  Scale [1–5]
V4 Impression dark/bright 2(1) = 5.89* 2(4) = 223.38*** – 2(4) = 10.03* –
V5  Impression static/dynamic 2(1) = 58.58*** 2(4) = 27.79*** 2(9) = 23.26** – –
V6  Impression unpleasant/pleasant 2(1) = 16.65*** 2(4) = 18.33** – – –
V7  Impression (non)color-coordinated 2(1) = 41.57*** 2(4) = 30.923*** 2(9) = 20.57* 2(4) = 11.05* –
Acoustic Scale [0–10]
A1 Annoyance of wind turbine noise 2(1) = 9.80** 2(4) = 67.04*** – – –
A2  Perceived acoustic realism 2(1) = 12.26*** – 2(9) = 22.77** 2(4) = 9.71* 2(9) = 19.23*
Acoustic Scale [1–5]
A3 Impression low/loud 2(1) = 13.78*** 2(4) = 81.12*** – 2(4) = 9.30+ –
A4  Impression steady/pulsed 2(1) = 18.68*** 2(4) = 56.78*** 2(9) = 20.49* 2(4) = 11.02* –
ignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
-values are derived from the likelihood ratio test results, testing the full model against th
nteraction (Winter, 2013). As likelihood ratio tests for REML are not feasible (Pinheiro an
lank  cells (−) indicate that the inﬂuence was  not signiﬁcant.e model minus corresponding ﬁxed effect or against the corresponding ﬁxed effect
d Bates, 2000), the model argument REML = FALSE was added.
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ppendix D. : Likelihood ratio test results of the additional
uestions
See Table D1.
able D1
nﬂuence of the additional questions to the liking of the landscape scenery (V1) and the annoyance of the wind turbine noise (A1).
(V1) Liking of the Landscape Scenery (A1) Annoyance of the Wind Turbine Noise
Index Indicator Recordings Simulations Recordings Simulations
D1 Gender 2(1) = 4.21* – – –
D2  Age – – – –
D3  Education level 2(4) = 33.43*** 2(4) = 35.31*** 2(4) = 30.97*** 2(4) = 25.29***
D4  Attitude towards wind energy in Switzerland – – 2(2) = 5.83+ –
D5  Prior experience with wind turbines 2(2) = 25.26*** 2(2) = 22.81*** 2(2) = 26.13*** 2(2) = 23.49***
D6  Importance of landscape scenery in Switzerland – – – –
D7  Experiences with computer games – – – –
ignif. codes: ‘***’≤0.001, ‘**’≤0.01, ‘*’≤0.05, ‘+’≤0.1.
-values are derived from the likelihood ratio test results, testing the full model against the model minus corresponding ﬁxed (Winter, 2013). As likelihood ratio tests for
EML  are not feasible (Pinheiro and Bates, 2000), the model argument REML = FALSE was added.
lank cells (−) indicate that the inﬂuence was not signiﬁcant.
ppendix E.
echnical Appendix
.1. Details of the video and audio recording equipment
Equipment of visual recordings: The visual recording system
omprised a single-lens reﬂex camera (NIKON D300s) with video
ecording capability. A 10–20 mm lens was used and ﬁxed to 10 mm
o capture a ﬁeld of view of about 100◦. Videos were captured to
atch the movement of the wind turbines and the vegetation inﬂu-
nced by the wind conditions on the recording days. The video has
4 frames/s with 1280/720 width/height, and was  recorded in the
le format Audio Video Interleave (.avi). The recording position
n the ﬁeld, viewing directions, wind speed, and wind direction
arameters were compiled in a storyboard.
tom powered) were connected to three time synchronized, portable
two-track audio recorders (Sound Devices, type 702T) with which
WAV  ﬁles (16 bit, 44.1 kHz) were recorded. Prior to the actual
recordings, a 1 kHz pure tone at 94 dB was  generated by an acous-
tical calibrator (Brüel & Kjaer, type 4231) and recorded for the level
calibration. To reduce wind-induced noise at the microphones, a
windshield plus windjammer (Rycote, type Windshield Kit) was
used for the ambisonics microphone and a foam windscreen for the
measurement microphone, respectively. The microphones were
oriented in the same direction as the camera. For moderate wind
speeds, the microphones were placed 1.6 m above ground. At strong
wind, the microphones were placed close (5–10 cm)  to the ground.
The same positions were used for the corresponding simulations.
The change in receiver/microphone height affects the ground effect
leading to spectral differences, see Fig. 2 in Heutschi et al. (2014).
However, with our model we are able to simulate this effect.Equipment of audio recordings and acoustic measurements:
 4-channel, ﬁrst-order ambisonics microphone (Soundﬁeld, type
PS200) and a ½-inch measurement microphone (Brüel & Kjaer,
ype 4189 with Microtech Gefell, type MV  220 P48, 48 V phan-
ig. E1. Construction drawing of the mobile visual-acoustic lab. Instead of a 4-point alumin
H.O.F.  ALUTEC, HOFKON). Curtains are black, 350 g/m2, ﬂame-retardant, 100% PES-RF, “Sium construction as visible in the ﬁgure, a 2-point system was used from SystemTec
atin-Tschung” nr. 3610 from Schlegel & Co., Basel.
E.2. Characteristics of the computer generated simulations
Visualization: Videos were generated of 24 frames/s with frame
width and height of 1280/720 in the ﬁle format MP4  (.mp4). Color
ﬁdelity: the colors in the visualization were adjusted by comparing
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rig. E2. Construction drawing of the interior setup dimensions. Numbers 1–5 cor-
espond to the loudspeaker number.
hem to the colors of the recorded videos. In the visualization soft-
are (CryENGINE) the vertical ﬁeld of view was set to 60◦ which
orresponds to a horizontal ﬁeld of view of about 91.49◦ assuming
n image width/height ratio of 16:9.
Auralization: The synthetized sound ﬁles contain frequencies
own to 20 Hz (Pieren et al., 2014). The ability to reproduce low
requencies, however, was limited by the loudspeakers used (see
elow). The sound pressure levels of the synthesized sounds were
0–42 dBA for the weak wind conditions and 47–48 dBA for the
trong wind conditions. To compare the simulations and the record-
ngs, the equivalent continuous A-weighted sound pressure levels
LAeq) of the stimuli were calculated and used. The simulations
nderestimate the recordings by 4 dB(A) on average which is due
o predicting errors, natural source level variations (particularly at
trong wind conditions) and audible ambient sounds within the
ecordings (cow bells, vegetation, wind and birds)..3. Details of the representation in the lab
The construction drawings show the mobile visual-acoustic lab
Fig. E1) and the interior setup (Fig. E2). Exterior photographs of
he lab are given in Fig. E3.
ig. E3. The MVAL seen from the outside (left) and the entrance of the room at the Univ
oom,  one of the 2-point corner poles of the aluminium construction is visible.n Planning 153 (2016) 180–197 195
Visual representation: We  used the projector Acer H6500 in eco
mode to reduce projector noise. The screen used was  a portable
projection screen (reﬂecta Tripot; https://reﬂecta.de/en/products/
list/∼pcat.73/Alpha.html) with 178.5 cm width size and adjustable
height. For visual representation we used the full width of the
screen resulting in an image size projected of 100.41 cm in height.
The videos were played using a VLC media player on a HP Elitebook
8540w Mobile Workstation.
Audio representation: The reproduction system consisted of ﬁve
active monitoring loudspeakers (Focal, type CMS 50) connected to
a laptop with a multi-channel audio interface (MOTU, type HD192).
The loudspeaker feeds were rendered using an in-phase ambisonics
decoder (RePRO), see Manyoky et al. (2014).
Recording level calibration: As a ﬁrst step, the measurement
microphone channel was calibrated using the recorded calibra-
tion tone of 94 dB at 1 kHz. With this signal as a reference, the
A-weighted sound pressure levels of the recordings were calcu-
lated. Finally, based on this information, the surround recordings
(B-format signals) were calibrated accordingly.
Reproduction level calibration: The ambisonic decoder was
implemented in a software, which we  have programmed, and cal-
ibrated as well as equalized using dummy  head measurements in
a semi-anechoic chamber. The rendered loudspeaker feeds (WAV
ﬁles) were supplemented with a calibration signal consisting of
octave band noise around 1 kHz at 74 dB. Using this signal, the
reproduction chains (playback software, audio interface, loud-
speaker, room) were calibrated using a sound level meter (Brüel
& Kjear, type 2230) located at the listening position.
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